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1. Description: Technical work this period focused on two areas. The first was continuation of work on developing a methodology within the framework of asymptotic random matrix theory (RMT) to explicitly model the time variability of acoustic channels and using this to predict underwater acoustic communications systems performance. Prior methods have accommodated time variability by assuming that the channel is time invariant over an appropriately short interval of time. By explicitly modeling the time variability within the RMT framework it is hoped that the resulting analysis will more accurately predict the trade-o↵s associated with the rate of channel fluctuations, the number and configuration of hydrophone array elements, the size of filters in subsequent equalizers, and the structure of the equalizer adaptation algorithms. The work has progressed with the development of a framework in which the channel variability represented by the Delay-Doppler spread function denoted by U (✏, ⌫). For a linear channel with input z(t) and output x(t), the input-output relationship of the channel as represented by U (✏, ⌫) is given by
For a particular relationship of the channel, the framework characterizes the ensemble correlation of the channel output as functions of the products of U (✏, ⌫) parameterized by the variable ↵ as
While assumptions regarding the statistics such as wide sense stationarity and uncorrelated scattering of di↵erent channel delay "taps" would greatly simplify the resulting expressions, the focus now is on deriving expressions conditioned on the channel realization. Analytical evaluation of the resulting expressions is proving challenging so numerical evaluation will be the near term approach moving forward. This work falls under Research Task 1 from Section 2.2 of the Technical Approach and Justification.
During this time period, the Principle Investigator has also worked on evaluating the correlation structure of received communications signals after they have been converted to the frequency domain via Fourier Transforms. Theory holds that symbol based communications signals such as those used in underwater acoustic communications when transformed into the frequency domain should have a particular banded structure after passing through a linear and wide sense stationary channel. While data from field experiments shows a structure similar to the predicted structure, the deviation is significant enough and variable from time to time that it warrants an in-depth analysis. Analytical expressions have been derived and are being evaluated in addition to the numerical processing and analysis of data, both simulated and that collected in field experiments. The work is lending insights that will help explain how the signal correlation structure will depend on either the non-linearity or non-stationarity of the channel fluctuation and guide both algorithm design and performance prediction algorithms for underwater acoustic communication systems. This work falls under Research Task 3 from Section 2.2 of the Technical Approach and Justification.
During this time period, the Principle Investigator also wrote, revised, and/or submitted two papers based upon current and past work and helped prepare one talk for the meeting of the Acoustical Society of America meeting in Indianapolis, Indiana. A. Yellepeddi, J. Preisig, "Representing the Structure of Underwater Acoustic Communication Data Using Probabilistic Graphical Models", at 168th Meeting of the Acoustical Society of America. Indianapolis, IN, Oct. 27 -31, 2014 
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